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The tyrosine phosphatase PTPN22 allele 1858T has been associated
with rheumatoid arthritis (RA) and other autoimmune diseases. RA
is the most frequent of those multifactorial diseases. The RA
association was usually restricted to serum rheumatoid factor
positive disease (RF�). No interaction was shown with HLA-DRB1,
the first RA gene. Many case-control studies replicated the RA
association, showing an allele frequency increase of �5% on
average and large variations of population allele frequencies
(2.1–15.5%). In multifactorial diseases, the final proof for a new
susceptibility allele is provided by departure from Mendel’s law
(50% transmission from heterozygous parents). For PTPN22–1858T
allele, convincing linkage proof was available only for type 1
diabetes. We aimed at providing this proof for RA. We analyzed
1,395 West European Caucasian individuals from 465 ‘‘trio’’ fami-
lies. We replicated evidence for linkage, demonstrating departure
from Mendel’s law in this subset of early RA onset patients. We
estimated the overtransmission of the 1858T allele in RF� families:
T � 63%, P < 0.0007. The 1858T allele frequency increased from
11.0% in controls to 17.4% in RF� RA for the French Caucasian
population and the susceptibility genotype (1858T/T or T/C) from
20.2% to 31.6% [odds ratio (OR) � 1.8 (1.2–2.8)]. In conclusion, we
provided the linkage proof for the PTPN22–1858T allele and RF�

RA. With diabetes and RA, PTPN22 is therefore a ‘‘linkage-proven’’
autoimmunity gene. PTPN22 accounting for �1% of the RA familial
aggregation, many new genes could be expected that are as many
leads to definitive therapy for autoimmune diseases.

linkage analysis � R620W polymorphism � rheumatoid factor � transmission
disequilibrium � LYP protein

Rheumatoid arthritis (RA), the most frequent autoimmune
human disease, affects �1% of the adult population world-

wide. RA being a multifactorial disease, the identification of a
new factor provides solid ground for further research, from
pathophysiology to clinical applications, including therapy to
definitely cure the patients. Environmental factors, including
smoking and female hormones, are also involved, along with
several RA susceptibility genes (1). The first RA gene, HLA-
DRB1, established as early as in 1978, codes for the adaptative
immune system HLA class II molecules (2). The RA suscepti-
bility alleles encode a homologous ‘‘shared epitope’’ of the HLA
molecule, the pathophysiological mechanism of which remains
unknown (3). Both association and linkage to RA were repeat-
edly shown, definitely establishing HLA-DRB1 as the first ‘‘as-
sociation and linkage proven’’ RA gene, for which modelization

taken into account both association and linkage data are avail-
able (4–6). The HLA locus contributing approximately 1/5 to 1/3
of the RA familial aggregation, other factors including new RA
genes remain to be established (7, 8). From the large number of
recent suggestions in case-control studies, only PTPN22 was
clearly replicated so far (9, 10). Indeed, the 1858T allele of the
PTPN22-C1858T single nucleotide polymorphism, resulting in
the R620W amino acid substitution, has been associated in
Caucasian populations with RA and other autoimmune diseases,
including type 1 diabetes, systemic lupus and thyroid diseases
(refs. 9, 11, and 12; reviewed in ref. 13). A common feature of
those diseases is the presence of autoantibodies in the serum.
However, some diseases with autoantibodies are not associated
with PTPN22, such as systemic scleroderma (14). In RA, the
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association is mostly restricted to the form positive for the most
common autoantibody, rheumatoid factor (RF) (13).

The PTPN22 gene, located on chromosome 1p13, encodes the
lymphoid-specific tyrosine phosphatase LYP, involved in the
suppression of T cell activation, and thereby in T-dependent
antibody production (13). The R620W polymorphism affects a
proline-rich motif of LYP, involved in protein–protein interac-
tions, although the molecular mechanism of the disease suscep-
tibility remains to be clarified, as mutually exclusive gain and loss
of function mechanisms have both been suggested (9, 13, 15, 16).

The large number of PTPN22 association reports in various
autoimmune diseases provides compelling evidence for an im-
plication of this gene in susceptibility to autoimmune diseases
(13), but the ‘‘gold standard’’ for multifactorial diseases, i.e., the
linkage proof, is convincingly met only for type 1 diabetes
(reviewed in 13). The most straightforward linkage proof for a
putative susceptibility allele, first used for establishing definitely
the insulin gene as a type 1 diabetes gene (17), is the demon-
stration of a departure from the Mendel’s first law, which states
that the probability of transmission, for each allele of a het-
erozygous parent, is 50%. The linkage proof is particularly
important to obtain when the putative susceptibility allele
frequency (i) exhibits only a small patients controls difference
and (ii) varies greatly between populations. Indeed, the overlap
between the range of allele frequencies observed for patients
and controls in different studies, might lead to some false-
positive findings. In such a situation, the smaller the frequency
difference between patients and controls, the higher the risk of
false-positives and the rarer the reports of negative findings. The
large sample size, required to reach significance for a small
difference, does increase the difficulty of the matching task,
aggravating the risk that some degree of mismatching would
account for the small difference observed between patients and
controls. The rarity of negative reports would be explained, in
addition to the well known publication bias, by the difficulty in
reaching adequate power for meaningful negative findings,
because of the sample size required: that sample would need to

be larger than that of the initial positive report. In the particular
situation of RA and PTPN22, the overwhelming replication of
positive cases-controls studies in Caucasian populations of Eu-
ropean origin is very reassuring (13). The cases-controls allele
frequency difference within a given study ranges from 2.8% to
7.1%, i.e., �5% on average, whereas the population frequency
ranges from 2.1% to 15.5% (13). Therefore, the linkage proof
remains important to fully establish the PTPN22-RA association.
The PTPN22-1858T RA linkage data published so far being
un-conclusive (9, 18, 19), we took advantage of the largest
reported European family resource dedicated to RA linkage
studies. Specifically, we aimed at providing the linkage proof for
the PTPN22-RF� RA association.

Results
We analyzed in total 1,395 European Caucasian individuals from
465 trio families (one RA case and both parents): 319 French
families and 146 from other continental West-European coun-
tries: 54 Italian, 40 Spanish, 24 Belgium, 14 Dutch, and 14
Portuguese (Table 1). We had observed preliminary linkage
evidence in the RF� subgroup in a sample of 200 French
families: 61% transmission of the 1858T allele (P � 0.04) (18).
We analyzed 265 additional families, which provided a 99%
power to replicate true linkage, based on the results from the
initial family set. We first checked, in the replication set, the
absence of significant deviation from the Hardy-Weinberg equi-
librium in controls, using the two untransmitted chromosomes of
each trio family as one ‘‘virtual control’’ (data not shown). We
replicated linkage evidence with, compared with the Mendel’s
expectation of 50%, an observed overtransmission of 66% in the
188 RF� families of the replication sample: T (transmission
testing Mendel’s law) � 66%, P � 0.007) (Table 2). This
replication demonstrated linkage to RF� RA for the PTPN22–
1858T allele.

In the RF� subgroup, we observed no significant linkage (P �
0.3). In the global sample (RF� and RF� families), linkage
remained significant (T � 63%, P � 0.009).

Table 1. Characteristics of rheumatoid arthritis index cases

Index characteristics
Initial set 200

RA index
Replication set
265 RA index

Global sample
465 RA index

French Caucasian
families 319

RA index

RF� French Caucasian
families with

unaffected parents
218 RA index

Other continental West
European Caucasian

families 146 RA index

Female, n (%) 177 (88.5) 228 (86.0) 405 (87.1) 281 (88.1) 191 (87.6) 124 (84.9)
Mean age at RA onset,

years � SD
31.7 � 9.4 30.3 � 9.4 30.9 � 9.5 30.9 � 9.5 31.1 � 9.6 30.9 � 9.3

Mean disease duration,
years � SD

15.3 � 7.8 8.1 � 7.0 11.2 � 8.2 13.4 � 8.2 12.4 � 8.3 6.4 � 5.8

Bone erosions, n (%) 169 (84.5) 187 (72.2) 356 (77.5) 257 (80.6) 182 (83.5) 99 (70.2)
RF�, n (%) 157 (78.5) 188 (73.4) 345 (75.6) 239 (75.0) 218 (100.0) 106 (77.4)
Nodules, n (%) 50 (25) 42 (16.3) 92 (20.1) 74 (23.2) 59 (27.3) 18 (13.0)

Table 2. RF� RA linkage proof for the PTPN22–1858T allele

Samples

RF� subgroup (n � 345) RF� subgroup (n � 120) All families (n � 465)

Trans. Un. T P Trans. Un. T P Trans. Un. T P

Initial set (n � 200) 55 35 61% 0.02 11 11 50% 0.6 66 46 59% 0.04
Replication set (n � 265) 44 23 66% 0.007 15 12 55% 0.3 59 35 63% 0.009
Global sample (n � 465) 99 58 63% 0.0007 26 23 53% 0.4 125 81 61% 0.001
French Caucasian subgroup (n � 319) 80 45 64% 0.001 20 15 57% 0.2 100 60 62% 0.001
Other continental West European Caucasian

subgroup (n � 146)
19 13 59% 0.2 6 8 43% 0.4 25 21 54% 0.3

Trans., transmitted 1858T allele; Un., untransmitted; T, percentage of transmission of the 1858T allele from heterozygous parents, compared with Mendel’s
expectation of 50%, using the exact test with calculation of the significance level (see Statistical Analysis).
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As the replication sample of 265 families showed no significant
difference with the initial sample of 200 families for T, we pooled
both samples to provide an improved estimation of Mendel’s
departure. We obtained T � 63% for RF� RA (P � 0.0007).
There was no significant difference between the paternal T and
the maternal T (67% vs. 61%, P � 0.4). We observed no
significant linkage in RF� families (T � 53%; P � 0.4). The
linkage remained significant in the global sample (T � 61%; P �
0.001) (Table 2).

T for RF� RA was similar in French and in other European
families [T � 64% and 59%, respectively, P � 0.6 (Table 2)],
suggesting that T might be a disease parameter independent from
the population investigated. For RF� RA, T varied around 50% in
those two populations, with no significant difference (T � 57% and
43%, respectively, P � 0.4), in keeping with the interpretation of the
absence of linkage in this subgroup (Table 2).

Having established linkage, we obtained from those data an
unbiased estimation of the PTPN22 association in RA. Indeed,
such family data provide, for each case investigated, perfectly
matched controls, as far as the population of origin is concerned:
for each case, a ‘‘virtual control’’ is obtained from the two
untransmitted parental chromosomes. Each case’s chromosome,
transmitted by a given parent, is perfectly matched for the
population of origin with the untransmitted chromosome of that
very same parent: both chromosomes come from the same
individual. To get ‘‘disease-free controls,’’ families with one
parent possibly affected with the disease need to be excluded.

To obtain reliable estimates for the association between RF� RA
and the PTPN22–1858T allele, we focused on the French Caucasian
population, the sample size for other populations being too small.
The criteria used for each of the trio families investigated, was the
European Caucasian origin for each of the four parental chromo-
somes, i.e., each of the four grandparents. We selected RF� RA
and, to obtain true ‘‘disease-free’’ controls, we excluded families
with one parent affected with RA or undefined inflammatory
arthritis (n � 21), resulting in a 218 families sample (Table 1). We
observed in controls a 1858T allele frequency of 11.0% and a
susceptibility genotype (1858T/T or T/C) of 20.2%, increasing to
17.4%, [odds ratio (OR) � 1.7, 95% confidence interval (C.I.) �
1.1–2.5, P � 0.007] and 31.6% (OR � 1.8, 95% C.I. � 1.2–2.8, P �
0.006), respectively (Table 3).

There was no practical interest in describing the absence of
association in the French rheumatoid factor negative RA sub-
group, as no linkage was shown for the rheumatoid factor
negative subgroup, nor in describing association data in the
remaining sample, too heterogeneous globally in population of
origin for allowing extrapolation and with too small a sample size
per country for useful individual estimations.

Moreover, to confirm the absence of interaction between the
two confirmed RA genes, HLA-DRB1 and PTPN22, we used the
refined shared epitope classification, a successful modelization
of HLA-DRB1 in RA (5) that we recently validated (20) and that
is now in use (6). No significant difference was observed for the
frequency of the 2 PTPN22 genotypes (1858T/T or T/C; 1858C/C)

in the first fully HLA-DRB1-typed 200 French families between
the 6 HLA-DRB1 genotypes recently described (4, 5) (data not
shown).

Finally, the relative contribution of PTPN22 to RA genetics
was estimated by using the conceptual frame developed by Risch
(21, 22). Indeed, T could be used to estimate the effect of the
deviation from Mendel’s law on affected sib-pair analysis. For
the PTPN22 locus, assuming that all of the genetic effect is
brought by the 1858T allele, by using the estimates from the
global French sample T � 62%, together with the parental 1858T
allele frequency of 14% in this population, the excess of allele
sharing identical by descent (IBD) at the PTPN22 locus for RA
would be IBD � 51%, in very small excess to the Mendel’s
expectation of IBD � 50%. The affected sib pairs sharing no
PTPN22 alleles identical by descent would be IBD�0 � 24%, just
below the Mendel’s expectation of IBD�0 � 25%. We would then
obtain a PTPN22 locus contribution to RA familial aggregation
of 1%, by using Risch’s parameters lambdaPTPN22 � 1.02 and
lambdasib � 11 (23).

Discussion
We demonstrated here linkage between RF� RA and the
PTPN22–1858T allele, by replication in a West European sam-
ple. We provided the linkage estimate T � 63% (P � 0.0007) for
the largest European trio RA family resource published to date,
measuring the over-transmission of the PTPN22–1858T allele
compared with the 50% transmission expected from Mendel’s
law. We observed no significant difference for T among the
French families belonging either to the initial set or to the 119
additional French families. So, the very significant P value in the
French Caucasian RF� subgroup, in comparison with those of
the RF� initial set alone should not be explained by particular
RA characteristics of this subset (see Materials and Methods) nor
by an increased transmission disequilibrium. We also observed
no significant difference for T between the French and the mixed
European sample, suggesting that T could be used as a disease
parameter, here for RF� RA, independent from the suscepti-
bility allele frequency in the underlying population. Showing
clear absence of linkage in the RF� subgroup, we provided
strong evidence in favor of a restriction of this genetic effect to
RF� RA. This evidence implies that the PTPN22–1858T allele
would be involved in one of the mechanisms underlying RA
clinical heterogeneity, which it could contribute to identify.

Given the perfect population match between patients and
disease-free virtual controls, we obtained an accurate estimation
of the association for one population, the Caucasian French: the
allele frequency increases from 11.0% in controls to 17.4% in
patients (OR � 1.7, 95% C.I. � 1.1–2.5, P � 0.007) and the
susceptible genotype 1858T/Tor T/C from 20.2% to 31.6%
(OR � 1.8, 95% C.I. � 1.2–2.8, P � 0.006). Of course, this
estimation could be reliably applied only to the same population
and for similar disease, i.e., the French Caucasian population for
relatively early onset RF� RA.

Table 3. Association of PTPN22-1858T allele and RF� RA in the continental European Caucasian population

Subgroups

Cases Controls* ORs (95% C.I.) Allele

TT TC CC TT TC CC TT vs. CC TC vs. CC TTCT vs. CC OR P value

Global sample (n � 465) 12 114 339 7 80 378 1.86 (0.72–4.77) 1.58 (1.15–2.19) 1.61 (1.18–2.20) 1.55 (1.17–2.04) 0.002
RF� sample (n � 345) 9 89 247 4 58 283 2.42 (0.73–7.95) 1.75 (1.21–2.54) 1.80 (1.26–2.59) 1.73 (1.25–2.40) 0.0008
French global (n � 319) 11 89 219 6 59 254 2.05 (0.75–5.64) 1.74 (1.20–2.54) 1.78 (1.24–2.55) 1.68 (1.22–2.31) 0.001
RF� French (n � 239) 8 70 161 4 43 192 2.25 (0.66–7.61) 1.93 (1.25–2.98) 1.97 (1.30–3.00) 1.83 (1.26–2.65) 0.001
RF� French with unaffected

parents (n � 218)
7 62 149 4 40 174 1.94 (0.56–6.77) 1.80 (1.14–2.83) 1.82 (1.17–2.82) 1.70 (1.15–2.51) 0.007

*Controls are ‘‘virtual controls’’ derived from untransmitted alleles for each trio family.
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We confirmed the lack of genotype correlation with the first
RA gene, HLA-DRB1, by using the recently validated new
classification of HLA-DRB1 RA genotypes. The contribution of
PTPN22–1858T allele to RA genetics, if of major importance in
quality, seems to be small in quantity compared with the
strongest RA-associated HLA-DRB1 allele: T for the HLA-
DRB1 ‘‘S2’’ allele, essentially *0401, is 77% (n � 200 families,
P � 1.4 � 10�9) (5, 20). By using the conceptual frame developed
by Risch (21, 22), we obtained a PTPN22 locus contribution to
RA familial aggregation of 1%, lambdaPTPN22 � 1.02 and
lambdasib � 11 (23). By comparison, the HLA locus contribution
would be 19% (using the data obtained from the same popula-
tion: lambdaHLA � 1.60) (7). This small locus contribution clearly
shows that the PTPN22 gene is extremely difficult to detect by
using affected sib pair analysis genome scan, because the dif-
ference between IBD � 51% and 50% is so small. It is not
surprising that it remained indeed undetected at the French
genome scan, although we used the first available refined genetic
map (24, 25). RA genetics might therefore involve a large
number of genes with contributions equivalent to that of
PTPN22, together with a small number of genes detectable by
affected sib pair analysis, the major one being HLA-DRB1.

These results are consistent with the literature. The evidence
from cases-controls studies in European populations is compel-
ling (13). There is only one recent publication of a negative
report in a population partly of European origin, from Columbia,
that could be clearly explained by the low 1858T allele frequency
in that population (26). The few published linkage data are
compatible with linkage. As explained above, the absence of
consistent linkage suggestion observed in affected sib-pair anal-
ysis is expected (8, 24, 27). Begovich et al. were unsure of their
linkage evidence (9) and we considered our first evidence as only
preliminary (18). Seldin et al. provided linkage evidence only for
the very isolated Finnish population, with parents missing in
their family material so that no direct estimate of T could be
provided, the authors requesting further linkage studies for
confirmation (28).

A limitation of our study is to provide reliable association
estimates only for one European Caucasian population and in a
specific subset of RA patients with young age at RA onset. In
addition, if the ‘‘control’’ frequencies can be considered reliable
for that French population, the patient frequencies are repre-
sentative only for early onset RA, given the requisite for parents
participation in trio families. Also, the frequency of the homozy-
gous genotype 1858T/T was too rare in the population investi-
gated, to test for the dose effect on disease risk that has been
reported (13, 29). The 1858T-negative PTPN22 haplotype that
has been recently suggested to be an independent RA suscep-
tibility allele was not investigated (30).

A number of new research studies are warranted. The involve-
ment in RA heterogeneity is to be refined, in particular the
correlation with other autoantibodies, such as anti-citrullinated
antibodies (10). Taking advantage of the statistical indepen-
dence between the PTPN22 and the HLA-DRB1 genotypes, a
combined genetic test should be investigated for its potential
contribution to early diagnosis of RA, along with rheumatoid
factor and anti-citrullinated antibodies (31). However, evaluat-
ing the impact in terms of OR of the combination of these two
genes by using a modelization approach should be of great
interest. A role for PTPN22 as RA severity gene is to be
thoroughly explored, although first reports are negative (32). A
role in treatment response, especially in B cells directed treat-
ment such as rituximab, is to be investigated (13). A model
integrating both PTPN22 and HLA-DRB1 genetic contribution is
warranted. The pathophysiology of PTPN22 susceptibility geno-
type needs to be clarified, to open new leads toward etiological
treatment of RA (13). Rare mutations that might have high
penetrance should be searched for and investigated, as the same

gene can contribute to a disease not only with a common
susceptibility allele of low penetrance, but also with rare dele-
terious mutations of high penetrance, such as RET gene in
Hirschprung disease (33). Such a mutation was reported and
needs to be investigated (30). This gene is to be further explored
for various populations, to provide accurate genotype associa-
tion estimates for RA as well as for other autoimmune diseases.
It would be particularly interesting to determine why PTPN22 is
clearly involved in some diseases with autoantibodies, but not
with all, such as systemic scleroderma (14). Family based asso-
ciation studies will help to validate associations. The few positive
reports of an association with RF� RA, in view of the vast
majority of negative reports, might be false positives, as sug-
gested by the clear negative linkage findings in our study (13).
There were association reports for one form of idiopathic
juvenile arthritis, but a well powered negative linkage study
raised serious doubts on the reality of the association (28,
34–36).

This success stimulates the search for new RA and autoimmunity
genes, keeping in mind that some genes could be population
specific, such as PTPN22, which 1858T allele is very rare or absent
in Asian and African populations. As far as RA is concerned, a large
number of susceptibility genes could be expected, many of which
being virtually undetectable at affected sib pair analysis genome
scan. The superior power of the trio families based linkage studies,
compared with affected sib-pair studies, for such genes as PTPN22,
has long been demonstrated (37). With one additional recent
success for the IFN regulatory factor IRF5 gene in systemic lupus
erythematosus, the field of multifactorial diseases genetics is now
increasingly successful (38).

In conclusion, together with the literature, this study provides
the final piece of the ‘‘association and linkage proof’’ for PTPN22
as the second RA gene, 28 years after the detection of HLA-
DRB1 (2) and, together with type 1 diabetes, for PTPN22–1858T
as an autoimmunity susceptibility allele (13, 16). This success of
multifactorial diseases genetics lays solid grounds for research on
those frequent and severe autoimmune diseases, from patho-
physiology to clinical applications, including definitive therapy.

Materials and Methods
Patients and Families. The initial sample was made of the DNA
from 200 trio families from French Caucasian origin. The
replication sample was made of the DNA from 265 trio families
with one RA patient and both parents, from West European
Caucasian origin as recorded for each of the four grandparents,
that had been recruited through ECRAF (the European Con-
sortium on Rheumatoid Arthritis Families). RA fulfilled the
1987 American College of Rheumatology [formerly, the Amer-
ican Rheumatism Association) criteria (39)]. Clinical data were
reviewed by three rheumatologists, all former university fellows
(S.L., P. Fritz, and A.-C.R.). All individuals provided informed
written consent, and the study was approved by ethics commit-
tees in each country.

For each index, characteristics collected were sex, age at RA
onset, disease duration in years, presence of bone erosions at
x-ray examination, presence of rheumatoid nodules, and sero-
positivity for rheumatoid factor (ever, as determined by Latex
fixation, by Waaler-Rose assay or by Laser Nephelometry). The
anti-citrullinated antibodies status was not available.

Clinical characteristics of the RA index cases are presented in
Table 1. The relatively young mean age of RA onset was
explained by the inclusion criteria, with the request for two living
parents. The characteristics of the 119 RA French Caucasian
index, not presented in Table 1, did not differ significantly from
those of the 200 RA index from the initial set, in terms of bone
erosions (73.9%), rheumatoid factor positivity (68.9%), nodules
(20.5%), and mean age at RA onset (29.5 � 9.5 years).
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Genotyping. Blood samples were collected for DNA extraction
and genotyping. PTPN22 C1858T polymorphism was genotyped
by PCR-restriction fragment length polymorphism (RFLP). The
forward and reverse primers were, respectively, 5�-GATAAT-
GTTGCTTCAACGGAATTT-3� and 5�-CCATCCCA-
CACTTTATTTTATACT-3�. The presence of the 1858T allele
created a restriction site of XcmI enzyme. The reliability of the
genotypes was established by genotyping 200 samples by the RsaI
PCR-RFLP, RsaI cutting the 1858C allele, with 100% consis-
tency. HLA-DRB1 genotyping has been described (20).

Statistical Analysis. The Hardy–Weinberg equilibrium was
checked in controls, by using a �2 test with one degree of
freedom. The linkage analysis relied on the transmission dis-
equilibrium test, which compares, for a given allele, the trans-
mission of that allele from heterozygous parents to RA patients,
with the transmission expected from Mendel’s first law (i.e.,
50%) (40, 41). The statistical analysis of the transmission dis-
equilibrium test used the exact test with the calculation of the
significance level (called P) as follows:

P � 	0.5
n �
i�0

t

n!/i!	n � i
!

where t � number of alleles transmitted [t � (n � t)]; i �
different values taken by t; and n � number of heterozygous
parents. The transmission disequilibrium test was performed in
the initial sample and in the replication sample separately, then
after pooling in a global sample. Because Mendel’s law is
universal, the fact the global sample was heterogeneous in
population had no effect on the validity of the analysis. Trans-
mission disequilibrium was also investigated in RF� and RF�

subgroups.
For the association analysis, we used the genotypes relative

risk, which compares the affected offspring’s genotype and the
control genotype derived from untransmitted parental chromo-
somes (42). For each case genotype, we had therefore a control
genotype perfectly matched for the population of origin. As the
frequency of the homozygous genotype T/T has been reported to
be very low in Caucasian population, the T/T genotype was

pooled to the C/T genotype to calculate the genotype relative
risk, by using the method proposed by Lathrop (43). The OR and
95% C.I. were estimated by using the method of Woolf (44) as
modified by Haldane (45). The T allele frequency in the controls
was estimated in the French Caucasian subgroup of trio families
where only trio families with both parents without RA or
undefined inflammatory arthritis were studied. The study of the
interaction between HLA-DRB1 and PTPN22 was performed in
the first 200 French Caucasian trio families, relying on a �2 test
with two degrees of freedom.

The PTPN22 locus contribution to RA genetics was estimated
by using the conceptual frame developed by Risch (21, 22).
Indeed, T could be used to estimate the effect of the deviation
from Mendel’s law on affected sib-pair analysis. For the PTPN22
locus, assuming that all of the genetic effect is brought by the
1858T allele, by using the estimates from the global French
sample, together with the parental 1858T allele frequency in this
population, the excess of allele sharing identical by descent
(IBD) at the PTPN22 locus for RA would be estimated and
compared with the Mendel’s expectation of IBD � 50%. The
affected sib pairs sharing no PTPN22 alleles identical by descent
would also be estimated and compared with the Mendel’s
expectation of IBD�0 � 25%. Then, the PTPN22 locus contri-
bution to RA familial aggregation should be calculated, by using
Risch’s parameters lambdaPTPN22 and lambdasib (23).

Power Calculation. Taking into account the transmission disequi-
librium of 61% in RF� RA observed in the French Caucasian
population (18), the replication trio sample of 188 RF� RA
families provided a 93% power to show a significant transmission
disequilibrium, with P � 0.05.
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